We examined the distribution of cell adhesion-related molecules (CAMs) among mouse embryonic stem (ES) cells and the spatial distribution on cell surfaces before and during differentiation. The cell-cell heterogeneity of SSEA-1, PECAM-1, and ICAM-1 among the undifferentiated cells in the ES cell colonies was evident by immunohistochemistry and immuno-SEM, supporting the flow cytometry findings. In contrast, most undifferentiated ES cells strongly expressed CD9. SSEA-1 was located preferentially on the edge of low protuberances and microvilli and formed clusters or linear arrays of 3-20 particles. PECAM-1 and ICAM-1 were randomly localized on the free cell surfaces, whereas CD9 was preferentially localized on the microvilli or protuberances, especially in the cell periphery. Both the SSEA-1 ϩ fraction and the SSEA-1 Ϫ fraction of magnetic cell sorting (MACS) formed undifferentiated colonies after plating. Flow cytometry showed that these populations reverted separately again to a culture with a mixed phenotype. Differentiation induced by retinoic acid downregulated the expression of all CAMs. Immuno-SEM showed decreases of SSEA-1 in the differentiated ES cells, although some clustering still remained. Our findings help to elucidate the significance of these molecules in ES cell maintenance and differentiation and suggest that cell surface antigens may be useful for defining the phenotype of undifferentiated and differentiated ES cells.
E mbryonic stem (ES) cells are derived from the inner cell mass of blastocyst stage early embryos and have both pluripotency and capacity of self-renewal. Therefore, ES cells can serve as experimental models for the study of early embryonic development and differentiation, and potentially may serve as sources for cell therapy of various tissues and organs. Mouse ES cells can be maintained in an undifferentiated state for long periods in medium containing the leukemia inhibitory factor (LIF) (Smith et al. 1988; Williams et al. 1988) and can be induced to differentiate along various pathways, depending on culture conditions. A common feature of mouse ES cells after induction of differentiation is a change of cell colony morphology from dome-shaped to monolayered. This characteristic change in the cell-cell and cell-substrate interactions suggests that the expression of intercellular or cell/extracellular matrix adhesion molecules on these cells changes on differentiation.
Embryonic cell surface molecules have been viewed generally as lineage markers and regulators of cell-cell interactions. Cell surface carbohydrates are implicated in a number of membrane-modulated phenomena, such as cell aggregation and adhesion. They play a role in the cellular interactions of the immune system (Springer 1990 ) and in normal cell interactions during the embryogenesis of preimplantation mouse embryos (Eggens et al. 1989 ). Stage-specific embryonic antigen-1 (SSEA-1), identified as the cell surface carbohydrate antigen Lewis x (Le x ; Gal ␤ 1 → 4[Fuc ␣ 1 → 3]-GlcNAc ␤ 1 → 3Gal), is expressed in preimplantation mouse embryos beginning at the 8-cell stage and also in teratocarcinoma stem cells and ES cells, but not in their differentiated derivatives (Solter and Knowles 1978; Knowles et al. 1980; Fox et al. 1981; Eggens et al. 1989; Kojima et al. 1994) . SSEA-1 is regarded as an excellent cell surface marker to monitor early stages of embryogenesis and ES cell differentiation (Solter and Knowles 1978; Fox et al. 1981; Bird and Kimber 1984) . Specific interaction of Le x with Le x has been proposed as a basis for cell adhesion in preimplantation embryos and in the aggregation of F9 teratocarcinoma cells (Kojima et al. 1994) .
Expression patterns of cell adhesion-related molecules, such as SSEA-1, ICAM-1, PECAM-1, and CD9, occur in undifferentiated and differentiated ES cells (Tian et al. 1997; Redick and Bautch 1999; Oka et al. 2002) . PECAM-1 and ICAM-1, representative cell adhesion molecules belonging to the immunoglobulin superfamily, are known to be expressed in endothelial cells and leukocytes. CD9, a tetraspanin superfamily protein, is regarded as a surface marker on mouse and rat male germline stem cells and neural stem cells, and is associated with proliferation, migration, and differentiation of these cells Kaprielian et al. 1995; Kanatsu-Shinohara et al. 2004 ). CD9 plays a role in maintenance of undifferentiated mouse ES cells (Oka et al. 2002) . Despite high levels of expression in the cells, the spatial distribution of these cell adhesion-related molecules on undifferentiated ES cells has not been elucidated.
In this study we examined the surface ultrastructure of mouse ES cells and the spatial distribution of SSEA-1, ICAM-1, PECAM-1, and CD9 on the cells. In addition, we investigated the changes in the morphology and the expression of these CAMs on initiation of ES cell differentiation. We report for the first time the spatial distribution and expression levels of the above molecules on mouse ES cells.
Materials and Methods

Murine ES Cell Lines and Cell Culture
Five karyotypically normal ES cell lines were used in the study. ES cell lines developed from 129/sv and DBA1 strain mice, passage 9 and 12, respectively, were purchased from Cell and Molecular Technologies (Phillipsburg, NJ). ES cell lines AB1 and AB2.2 at passage 12 were gifts from Dr. Allan Bradley. ES cell line ES-D3, developed by Doetschman, was obtained from American Type Culture Collection (Manassas, VA). Frozen stocks of cells were thawed and seeded onto feeder layers. They were cultured as described previously (Johkura et al. 2003) . Briefly, ES cells were cultured in Dulbecco's modified Eagle's medium (DMEM; GIBCO, Grand Island, NY), supplemented with 20% FBS (lot tested), 100 M nonessential amino acids (GIBCO), 1 mM sodium pyruvate (GIBCO), 100 M 2-mercaptoethanol (Sigma; St Louis, MO), and 10 3 U/ml of leukemia inhibitory factor (LIF; Chemicon, Temecula, CA) on feeder cells of mitomycin C-inactivated mouse embryonic fibroblasts under standard culture condition (5% CO 2 and humidified air, 37C), and were subcultured every 3 days to maintain an undifferentiated phenotype. The cells were used between passages 10 and 28. ES cells for flow cytometry and RT-PCR were seeded in 6-well plates and for immunocytochemistry on the coverslip at a density of 2 ϫ 10 4 cells/cm 2 for 48 hr. All data presented in the figures are from representative experiments on ES cell lines of 129/sv origin. Similar results were obtained from the other cell lines, ES-D3, AB1, AB2.2, and DBA1.
Differentiation was induced by adding 10 Ϫ 6 M trans -retinoic acid (RA) (Draper et al. 2002) to a differentiating medium without LIF (Johkura et al. 2003) for 2 days.
As a control culture, ES cells were dissociated with 0.1% trypsin-EDTA and resuspended in the differentiating medium without LIF for 48 hr, in which ES cells aggregated to form embryoid bodies. Aggregated embryoid bodies were collected and cultured on gelatin-coated coverslips in the same medium for 24 hr. ES cells were also cultured in the differentiating medium without LIF for 48 hr as a control culture for PCR.
Alkaline Phosphatase Staining and Immunofluorescence Labeling
ES cells cultured on the gelatin-coated coverslip were washed once with PBS and fixed in 4% paraformaldehyde/0.1 M phosphate buffer, pH 7.4, for 15 min at room temperature. After washing three times, cells were incubated with nitroblue tetrazolium/bromochloroindolyl phosphate solution (Bio-Rad; Hercules, CA) for 20 min for alkaline phosphatase staining. For immunofluorescence double staining, the following primary antibodies were used: rat monoclonal antibodies (MAbs) against mouse ICAM-1 (KAT; Antigenix America, New York, NY), PECAM-1 (MEC 13.3; Pharmingen, San Diego, CA), and CD9 (KMC8; Pharmingen), and antibody against SSEA-1 (mouse monoclonal IgM; Developmental Studies Hybridoma Bank, University of Iowa, Iowa City, IA). The cells were pretreated with 1.5% normal goat serum for 30 min and incubated overnight at 4C with primary antibodies diluted 1:100 in 1.5% normal goat serum. The CAMs and SSEA-1 were detected by goat anti-rat IgG conjugated with Alexa Fluor 488 and by goat anti-mouse IgM conjugated with Alexa Fluor 568 diluted 1:1000 in 1.5% normal goat serum, respectively (Molecular Probes; Eugene, OR). Specimens were incubated with DAPI (500 ng/ ml; Molecular Probes) for nucleic acid staining. After washing, the cells were mounted with a ProLong Antifade Kit (Molecular Probes) and observed with an Olympus FLUO-VIEW confocal laser scanning microscopy (CLSM) using Ar, He/Ne lasers, or a ZEISS LSM 510 CLSM, or a Leica TCS SP2 AOBS spectral CLSM. For negative controls, normal goat serum or PBS was used instead of the primary antibody.
Double-labeling Immunoelectron Microscopy
The cells were cultured on gelatin-coated coverslips, washed once with hypothermic UW (University of Wisconsin; Madison, WI) solution (Wahlberg et al. 1986; Cui et al. 2002) , and then reacted for 30 min with rat anti-mouse ICAM-1, PECAM-1, or CD9 each diluted 1:10 in hypothermic UW solution. After three washes with UW solution, the cells were immersed for 30 min in goat anti-rat IgG antibody conjugated with 20-nm gold particles (British Biocell International; Cardiff, UK) diluted 1:10 in hypothermic UW solution. After another wash, they were incubated with antimouse SSEA-1 antibody, 1:10 in hypothermic UW solution, for 30 min. This was followed by another wash and immersion for 30 min in goat anti-mouse IgM antibody conjugated with 10-nm gold particles (British Biocell International), 1:10 in hypothermic UW solution. After a final rinse, the cells were fixed in 2.5% glutaraldehyde/50 mM cacodylate-HCl, pH 7.2, for 4 hr. All procedures were carried out at 4C. Negative controls for immunostaining were obtained by substituting UW solution for the primary antibodies or by using an equivalent concentration of nonimmune rat IgG. Each experiment was repeated at least three times.
Preparation for Scanning Electron Microscopy
After several washes with 0.1 M cacodylate buffer solution for 1.5 hr, the specimens were postfixed in 1% OsO 4 for 4 hr and then dehydrated and immersed in isoamyl acetate. They were dried with the CO 2 -critical point drying method, coated to 3-nm thickness with an osmium plasma coater (Nippon Laser and Electronics Laboratories; Nagoya, Japan), and observed with a JEOL JSM-6000F scanning electron microscope or a Hitachi S-5000 (FE-SEM) scanning electron microscope with a backscatter electron (BSE) detector at an accelerating voltage of 15 kV or 8kV, respectively.
Preparation for Transmission Electron Microscopy
The cells on coverslips were postfixed with 1% OsO 4 for 1 hr, dehydrated, and embedded in epoxy resin by a standard method. Sections 1.5 m thick were stained with 0.1% toluidine blue solution. Ultrathin sections were stained with uranyl acetate and lead citrate solution and observed with a JEM-1200 TEM at an accelerating voltage of 80 kV.
RT-PCR Analysis
Total RNA was extracted from undifferentiated ES cells and from differentiated ES cells at various stages of differentiation using TRIzol reagent (Invitrogen; Carlsbad, CA). DNase-treated total RNA was used to prepare the firststrand cDNA with SuperScript II (Invitrogen), following the protocol of the manufacturer. cDNA samples were subjected to PCR amplification with specific primers under linear conditions to approximate the original amount of the specific transcript. Amplification conditions consisted of denaturation at 95C for 3 min followed by 40 cycles of denaturation at 95C for 1 min, annealing at the temperature specified for each of the primer sets for 1 min, and elongation at 72C for 1 min. The PCR primers, predicted size of amplified products, and annealing temperature are shown in Table 1 . cDNA samples from ES cells in the medium without LIF were also analyzed as a control of initial differentiation.
Magnetic Cell Sorting (MACS) Separation
SSEA-1-positive and -negative cells were separated using the MACS system (Miltenyi Biotec; Bergisch Gladbach, Germany) according to the instructions of the manufacturer. Briefly, cells were resuspended in 0.5% BSA/PBS and incubated with anti-SSEA-1 antibody (10 g/ml) for 20 min at 8C, followed by a magnetically labeled rat anti-mouse IgM (Miltenyi Biotec) for 20 min at 8C. The cells were then washed three times with 0.5% BSA/PBS. For sorting and selection of SSEA-1-positive cells, labeled cells were loaded onto a sterile LS column installed in a magnetic field. The column was rinsed with 0.5% BSA/PBS and the negative unlabeled cells passed through. Trapped cells were eluted after the removal of the column from the magnetic field and were collected by centrifugation. For sorting and selection of SSEA-1-negative cells, an LD column was used and the negative unlabeled cells were collected in a centrifugation tube. The SSEA-1 ϩ fraction and SSEA-1 Ϫ fraction were cultured separately at a density of 2 ϫ 10 4 cells/cm 2 on feeder layers in ES culture medium with LIF.
Flow Cytometry
Cells for flow cytometry were resuspended in 0.5% BSA/PBS and incubated with saturating concentrations of primary antibodies for 30 min at 4C, washed twice, and then labeled with fluorescein isothiocyanate (FITC)-conjugated goat antimouse IgM (Chemicon) or PE-Cy5-conjugated goat anti-rat IgG (Cedarlane; Hornby, Canada) for 30 min at 4C. After washing three times with 0.5% BSA/PBS, stained cells were analyzed on a FACS Calibur (Becton Dickinson; Mountain View, CA). Control cells were not treated with primary antibodies. Each experiment was carried out on at least four different cultures to record variation among cultures.
Results
Characterization of Undifferentiated Mouse ES Cells
The undifferentiated state of mouse ES cells was ascertained on the basis of morphological features, alkaline phosphatase (ALP) enzyme cytochemistry, and SSEA-1 immunostaining. Hoffman modulation contrast microscopy, which reveals surface features of cells in culture, showed high, dome-shaped ES colonies ( Figure  1a ). Within the colonies, the undifferentiated ES cells had indistinct margins and were positive for ALP and SSEA-1 (Figures1b and 1c) . The undifferentiated ES cells typically had high nucleus/cytoplasm ratios, prominent nucleoli, and were firmly and closely packed together in the colony (Figures 1d and 1e ). Dividing cells were present 12 hr after plating (Figure 2a ), and many also displayed filopodia or lamellipodia. On day 2 of culture, typical three-dimensional, tightly packed undifferentiated colonies were present (Figure 2b ). The free surfaces were rather rough, with many protuberances several nanometers high. In some cases, long and short microvilli were present.
Cell Adhesion-related Molecules on ES Cells
Cell adhesion-related molecules that may be involved in the maintenance of undifferentiated ES cells were assessed by flow cytometry (Figure 3) . Nearly all undifferentiated ES cells, 98.5 Ϯ 0.6% (mean Ϯ SD), expressed high levels of CD9 antigen. The fluorescence intensity for SSEA-1, PECAM-1, and ICAM-1 varied from low to high. PECAM-1 and ICAM-1 patterns of distribution were similar to one another, i.e., 74.6 Ϯ 1.4% and 80.7 Ϯ 2.0% of the undifferentiated ES cells expressed the respective molecules. In contrast, only 51.5 Ϯ 1.6% of the undifferentiated ES cells were positive for SSEA-1 (Figure 3 ). Nearly all SSEA-1-positive cells expressed PECAM-1, ICAM-1, and CD9. RT-PCR also confirmed the synthesis in undifferentiated ES cells of mRNA for PECAM-1, ICAM-1, and CD9 (Figure 4 ). To further characterize SSEA-1positive and -negative cells, we purified them from the undifferentiated ES colonies using MACS. By flow cytometry analysis, SSEA-1-positive cells were enriched from 51% to ‫ف‬ 98% after MACS (Figure 5a ). SSEA-1 negative cells were purified from 49% to ‫ف‬ 78.2% (Figure 5c ). In contrast, the percentage of CD9-positive cells before and after sorting was the same (not shown). Three days after plating, the morphology of colonies obtained from both SSEA-1 ϩ and SSEA-1 Ϫ fractions was the same as that of standard undifferentiated culture (Figures 5b and 5d insets) . An SSEA-1negative cell population emerged again in undifferentiated ES colonies derived from the SSEA-1 ϩ fraction (Figure 5b ). In undifferentiated ES colonies derived from the SSEA-1 Ϫ fraction, the percentage of SSEA-1positive cells increased to the level of that before sorting (Figure 5d ).
Spatial Localization of Cell Adhesion-related Molecules on the Undifferentiated ES Cells
When viewed by CLSM, antibodies to SSEA-1, CD9, ICAM-1, and PECAM-1 were localized at the contact regions of undifferentiated ES cells and on the free surfaces ( Figure 6 ), although the fluorescence intensity varied greatly from cell to cell. Cells stained for both CD9 and SSEA-1 showed that most were CD9-positive, but some of the same cells were SSEA-1-positive and others were SSEA-1-negative (Figures 6a and 6b) , consistent with the results of flow cytometry. Double staining for ICAM-1 and SSEA-1 revealed that some cells were positive for both (Figure 6c ), whereas others were positive for ICAM-1 alone or were negative for both ( Figure 6d ). Cell-cell junctions exhibited stron- ger fluorescence for PECAM-1 than did free surfaces (Figure 6e ). Some cells were positive for PECAM-1 alone (Figure 6f ). SSEA-1 had a dot-like appearance on the surface of ES cells (Figure 6g ). In general, SSEA-1-positive cells were positive for other CAMs, although occasionally one did not express detectable levels of any of the other CAMs. Immuno-SEM and -TEM showed that CD9 was preferentially localized at cell boundaries, where the gold particles were mainly restricted to the microvilli or low protuberances and often formed clusters (Figures 7a and 7b) . In contrast, the gold particles for ICAM-1 and PECAM-1 were randomly distributed on the cell free surface (Figures 7c-7e ). In the undifferentiated ES cells, the distribution of SSEA-1 varied greatly from cell to cell (Figure 7e ). On SSEA-1-posi-tive cells, the 10-nm gold particles were located preferentially on the edge of low protuberances and microvilli, forming clusters ranging from 3 to 20 particles or in linear arrays (Figures 7c-7e) . These findings corresponded to the dot-like appearance of SSEA-1 seen by CLSM (Figure 6g) . As a control, embryoid body outgrowths derived from suspension cultures were stained for SSEA-1 (Figure 8b) . Some undifferentiated ES cells were positive, whereas completely differentiated epithelium-like cells were SSEA-1-negative, showing the specificity of the antibody.
Cell Adhesion-related Molecules During ES Cell Differentiation by Retinoic Acid
Treatment with retinoic acid caused the colonies to become flattened, and the character of the treated cells was clearly different from that of undifferentiated ES cells (Figure 8a , inset). After differentiation for 2 days, flow cytometry showed that the expression level of SSEA-1 and cell adhesion-related molecules decreased or disappeared (Figure 3) . Fluorescence intensity was also generally reduced when viewed by CLSM (not shown). Immuno-SEM showed the general decrease of SSEA-1 in the differentiated ES cells, in which a few dot-like clusters of SSEA-1 still remained (Figure 8a) . CD9, PECAM-1, and ICAM-1 labeling were clearly decreased. RT-PCR also confirmed the rapid decline in the expression levels of CD9, ICAM-1, and PECAM-1 mRNAs during initial cell differentiation with regard to ␤ -actin expression ( Figure 4) . ␤ 1-Integrin was also highly expressed in the undifferentiated ES cells and did not significantly change throughout the time course of initial differentiation.
Discussion
In this study we have demonstrated the intercellular heterogeneity of SSEA-1, ICAM-1, and PECAM-1 distribution and ubiquitous expression of CD9 in the un-differentiated mouse ES cells. The range of SSEA-1, ICAM-1, and PECAM-1 expression varied from low to high levels. SSEA-1 was not present in all undifferentiated ES cells, even though the cell morphology showed little variation. This pattern is consistent with a previous report showing that there are both SSEA-1positive and -negative cells in preimplantation mouse embryos (Solter and Knowles 1978; Fox et al. 1983 ). Undifferentiated ES cell heterogeneity was also evident for PECAM-1 and ICAM-1 distribution. The reason for this heterogeneity is not clear. A possible explanation is that cells with different differentiation fates may be randomly distributed in ES colonies as they are in mouse embryos (Solter and Knowles 1978; Fox et al. 1983 ). However, FACS analysis revealed that SSEA-1 ϩ and SSEA-1 Ϫ fractions reverted to a culture with a mixed phenotype, approximately the same as that before isolation. This suggests that SSEA-1 expression is reversible in undifferentiated ES cells. Therefore, it is not likely that the different fates of cells during differentiation are responsible for heterogeneity in SSEA-1 expression. Another possible explanation is that SSEA-1 antigen is expressed differently during different phases of the cell cycle, as occurs for other anti- gens (Belaaloui et al. 2003) . More work is necessary to elucidate the significance of SSEA-1 heterogeneity. SSEA-1 (Le x ) is a homophilic adhesion molecule capable of interacting with itself and was localized preferentially on cell surface projections. Carbohydrate-carbohydrate interactions are important in specific recognition between cells (Eggens et al. 1989; Kojima et al. 1994) , especially during embryogenesis and organogenesis (Knowles et al. 1980) . Carbohydrate recognition requires a high density or "clustering" of molecules (Connolly et al. 1982; Lee et al. 1983 ). In ES cell compaction, cell-cell contacts are maximal, suggesting strong cell adhesion. Human primordial germ cell-derived embryonic germ cell colonies, which have morphological similarity to mouse ES cell colonies, express SSEA-1 (Shamblott et al. 1998) . In contrast, the relatively flat and loosely associated primate ES cell colonies are SSEA-1-negative (Thomson et al. 1998; Suemori et al. 2001; Draper et al. 2002) . In our studies, SSEA-1 was present on undifferentiated mouse ES cells and diminished as cells differentiated due to the removal of LIF or the addition of retinoic acid. These changes were associated with a transition in colony morphology to that of flat 1, 2 , and 3 are specific for CAM alone (green), SSEA-1 alone (red), and double-stained (red and green), respectively. Nuclei are stained with DAPI (blue). SSEA-1 is localized to cell-cell contact sites and on free surfaces (a-f2, -3, and g). Not all cells express SSEA-1 (b2,b3,d2,d3,f2,f3). CD9 (a1, a3, b1, b3) is also localized to cellcell contact sites along with SSEA-1, but its expression there is not dependent on SSEA-1 (b1-b3). CD9 is also found on free cell surfaces apart from cell-cell contact sites. c3, d1, d3 ) has a similar distribution as CD9. PECAM-1 is also similar except that it is less apparent on the free cell surfaces (e1,e3). Not all PECAM-1-positive cells express SSEA-1 (f). High magnification (g) shows the dot-like distribution of SSEA-1 on the surface of ES cells. Bars ϭ 10 m.
colonies. On the basis of these observations, we hypothesize that SSEA-1 is involved in the formation of multilayered and tightly compacted colonies of mouse ES cells through highly specific Le x -Le x interactions.
Immunocytochemistry and flow cytometry showed that ICAM-1 and PECAM-1 were also heterogeneously distributed on the undifferentiated ES cells. ICAM-1 was uniformly and randomly distributed on the ES cell surfaces and in the cell-cell contact sites. Despite the discernible expression of ICAM-1, ligands for this molecule, i.e., LFA-1 and Mac-1, were not present in the ES cells (Tian et al. 1997) . Therefore, the function of this molecule in mouse ES cells remains unclear.
As shown by CLSM, PECAM-1 is the predominant CAM at the cell-cell boundaries of ES cells. This is consistent with previous findings showing that staining for PECAM-1 is specific to cell-cell borders in the inner cell mass of the mouse blastocyst (Robson et al. 2001) . Homophilic interaction and diffusion trapping models have been proposed to account for the characteristic distribution of PECAM-1 (Sun et al. 2000) . Movement of PECAM-1 in the cell membrane occurs relatively freely until the extracellular domain of the molecule encounters its ligand, PECAM-1, on an adjacent cell (Gingell and Owens 1992; Singer 1992; Sun et al. 2000) . When this occurs, the complex is captured at the cell-cell interface, leading to localization at cell-cell borders. Distribution at cell boundaries suggests that PECAM-1 may play a role in ES cell aggregation via its homophilic adhesion. SEM showed random distribution of PECAM-1 on the free surface of ES cells, but its accumulation at the cell-cell borders could not be verified because they are inaccessible to observation by immuno-SEM. The random distribution of PECAM-1 observed by immuno-SEM may reflect the diffusion of molecules not involved in homophilic binding.
Because most undifferentiated ES cells are positive for CD9 and it quickly disappeared after initial differentiation, CD9 may be a more suitable marker for undifferentiated ES cells than SSEA-1. CD9 is a cell adhesion-related molecule and may play a role in cellextracellular matrix or cell-cell interactions as a cofactor of integrin (Rubinstein et al. 1997; Berditchevski and Odintsova 1999; Takao et al. 1999) . The preferential localization of CD9 on microvilli and protrusions of the cellular periphery suggest that it is associated with attachment of adjacent cells. It may also regulate cytoskeletal organization (Berditchevski and Odintsova 1999; Cook et al. 2002) , thus affecting the cell-ECM or cell-cell interactions.
The association of cell surfaces containing micro- domains of adhesion molecules plays an important role in the three-dimensional cell-cell interactions that affect differentiation of ES cells. The data presented here enable us to further understand the roles of these cell adhesion-related molecules in cell-cell interactions and in self-renewal of ES cells. In addition, the present study indicates that these antigens may be used as markers of cell status to test the phenotypic stability of long-term ES cell cultures. Simultaneous use of immunoreactivity for multiple surface antigens will assist in the identification of positive or negative selection of target cells derived from ES cells.
